ABSTRACT Pick-up 
t locations that minimize the strain energy of two-dimensional limp parts. The limp parts are modeled as shells undergoing arbitrarily large deformations and rotations using the geometrically exact nonlinear shell finite element formulation described in Part I [ I ] . Strain energy is computed from a finite element solution for the deformation and requires the discretization of the limp part by a mesh. The pick-up locations correspond to enforcing boundary conditions in the mesh, and in the finite element method, boundary conditions can be enforced only at nodes in the mesh. Since optimization algorithms require evaluation of the objective function for different pick-up locations, an automatic mesh generation procedure that locates nodes at specified pick-up locations in the domain is required to solve the problem as a continuous optimization problem. We implemented such a procedure when we solved for optimal locations on onedimensional domains. We implement a similar meshing procedure for the specific problem of four pick-up locations on square/rectangular domains and solve the corresponding optimization problem as a continuous one. Since automatic meshing for two-dimensional domains of arbitrary shape is difficult, we develop a new gradient-I based algorithm to solve the problem as a discrete problem on a fixed mesh, and we use iterative mesh refinement to improve the accuracy of the solution.
The following is the minimization problem for two- Figure 1 . The first trial set of nodes (N,) includes those in the steepest descent direction (NS). If Comparing the results for ( x, , y j ) from the two methods, we note that the discrete solution on a fixed mesh matches up to two decimal places with the continuous solution. This exercise, in addition to checking our implementation of various procedures, serves to validate the performance of the algorithm developed earlier.
Effect of ftexural rigidity and size on optimal locations for square domains: We studied the effect of flexural rigidity and size by systematically increasing the nondimensional number y and solving for optimal locations for different llt ratios. We used different initial guesses and discretizations for each set of y and llt values. Figures 5 and 6 show the variations of x and y coordinates of optimal locations as y and llt vary. The locations lie along the diagonal, and as the flexural rigidity is lowered (higher value of y), the locations tend to move FIGURE 5. Effect of y and llt ratio on x, /I. Figure 4. toward the corner. When the size of the domain increases (higher llt ratio), the locations tend to move toward the comer. , Effect of aspect ratio on optimal locations for a rectangular domain: We studied the effect of aspect ratio on optimal locations for blue denim fabric, using the material properties for denim from Part I [ I ] and obtaining the optimal locations for different aspect ratios. Figure 7 shows the variations of x I I a and y I lb as the aspect ratio varies. Note that the optimal locations do not lie along the diagonal for aspect ratios other than 1.0. Also, the change in the location of y , /b is greater than that in x, /a. , j .
PICK-UP LOCATIONS FOR ARBITRARY DOMAINS
We used the algorithm for a fixed mesh described earlier to solve for optimal locations for limp parts of various shapes and material properties. We present results for parts obtained from datawear and apparel prod- 
